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株，并经 18S rDAN 测序鉴定为热带假丝酵母 C.tropicalis ,被命名为 C.tropicalis 
SB18。酶活分析表明该酵母体内的木糖还原酶为 NADPH 依赖性。采用两步发
酵法对 C.tropicalis SB18 的发酵条件进行探索和优化，确定该菌株生长的 佳补
充氮源为酵母提取物和尿素， 佳接种量为 0.5~0.6 g·L-1， 佳转速切换时间为
36 h，第一阶段发酵转速为 200 rpm，第二阶段转速为 100 rpm， 佳初始木糖浓
度为 250 g·L-1。在优化条件下，发酵温度为 30 ℃，由 250 g·L-1 木糖摇瓶发酵可
产生 207.65 g·L-1 木糖醇，木糖醇收率为 0.831 g·g-1。在 2.0 L 发酵罐中利用
C.tropicalis SB18 在 250 g·L-1和 300 g·L-1木糖条件下分别进行了分批发酵和补料
分批发酵，分批发酵可产生 207.8 g·L-1 木糖醇，木糖醇收率为 0.831 g·g-1，补料
分批发酵可产生 256.5 g·L-1 木糖醇，木糖醇收率为 0.870 g·g-1。 
对 4 种酚类抑制剂香草醛、丁香醛、4-羟基苯甲醛和苯酚对 C.tropicalis SB18
木糖发酵的影响进行了考察，结果表明这些酚类物质可降低酵母菌株体内木糖还
原酶的活性，抑制了细胞生长，从而降低了木糖醇产量和木糖利用速率，这些酚
类抑制剂对木糖醇脱氢酶没有影响。其中苯酚对 C.tropicalis SB18 的毒性 大，





















经过纤维素酶水解，所用纤维素酶来自于新分离菌株的突变株 Trichoderma viride 
以及商业酶 Celic CTec。利用 C.tropicalis SB18 对半纤维素水解液进行发酵可得
100.11 g·L-1 木糖醇，对应木糖醇收率为 0.81 g·g-1，木糖醇生产速率为 0.98 
g·L-1·h-1。对酶水解得到的纤维水解液分别利用 Pichia stipilis、S.cerevisiae 以及二
者的混合培养进行了酒精发酵。在较低接种量下，纤维素水解液由 Pichia stipilis、
S.cerevisiae 以及混合培养发酵可产生酒精分别为 26.67 g·L-1, 21.04 g·L-1 和 29.28 
g·L-1，对应的酒精收率为 0.355 g·g-1, 0.471 g·g-1 和 0.48 g·g-1。在较高接种量下由
Pichia stipilis、S.cerevisiae 以及混合培养发酵可产生酒精分别为 28.71 g·L-1, 22.63 




















As a five-carbon sugar alcohol, xylitol is used as a natural sweetener in the food 
and confectionary industries. Xylitol is also used in dental care owing to its 
anticariogenic effect. Xylitol can be produced by natural xylose-assimilating yeasts 
and fungi, especially Candida species. Xylose is a major pentose sugar found in 
lignocelluloses and is the second most abundant natural sugar. As the most abundant 
biomass resources on the planet, lignocelluloses can be converted into various 
different value-added products including biofuels, chemicals, enzymes and cheap 
energy sources. Lignocellulose materials can be hydrolyzed either by chemical 
pretreatment or by enzymatic hydrolysis. The sugars produced from lignocellulosic 
materials can be fermentated by yeasts to produce xylitol and ethanol.The 
fermentation performance of yeast strains would mainly be affected by the inhibitors 
existing in the hydrolysates including phenolic compounds, furan derivatives and 
weak acids. The detoxification must be done to improve the fermentation efficiency. 
In this work, a yeast strain with high conversion efficiency of xylose into xylitol 
was isolated and identified as C.tropicalis SB18 by 18S rDNA sequencing. Enzyme 
assay was conducted to prove that the xylose reductase in C.tropicalis SB18 was 
mainly NADPH dependent. A two-stage fermentation strategy was employed to 
investigate the fermentation condition of C.tropicalis SB18. Results showed that the 
optimal nitrogen sources were urea plus yeast extract, the optimal innoculum level 
was 0.5~0.6 g·L-1, the best switch time of agitation speed was 36 hours, the agitation 
speed in the first stage was 200 rpm and 100 rpm in the second stage, and the optimal 
initial xylose concentration was 250 g·L-1. Under the optimal conditions, 207.65 g·L-1 
xylitol was produced from 250 g·L-1 xylose in 250 mL flasks, corresponding to a 
xylitol yield of 0.831 g·g-1. A batch fermentation was performed under 250 g·L-1 
xylose in a 2 L bioreactor, and then followed by a fed-batch fermentation under 300 
g·L-1 xylose, the final xylitol concentration were 207.8 g·L-1 and 256.5 g·L-1, 
respectively, corresponding to the yield of 0.831 g·g-1 and 0.870 g·g-1. 















tropicalis SB18 was investigated. The individual phenolic inhibitor, such as 
4-hydroxybenzaldehyde, syrigaldehyde, vanillin and phenol and their mixture were 
investigated. Data showed that phenolic compounds could decrease the activities of 
xylose reductase, and consequently the cell growth, xylose assimilation and xylitol 
accumulation. However no influences were discovered on xylitol dehydrogenase. 
Phenol was the most toxic to C.tropicalis SB18, followed by syringaldehyde. Vanillin 
and 4-hydroxybenzaldehyde showed little inhibition under certain concentration level. 
Under the low concentration of inhibitors, neither the individual inhibitor nor their 
mixture could affect the final production of xylitol. Higher concentration of phenolic 
inhibitors could greatly increase the lag phase of cell growth, resulting in the decrease 
of xylitol production and xylose utilization. The new isolate C.tropicalis SB18 could 
degrade 4-hydroxybenzaldehyde and vanillin rapidly, partly degrade syringaldehyde, 
and could not degrade phenol. 
The lignocellulosic material of horticulture waste was pretreated by organosolv 
method. The cellulose portion from organosolv pretreatment was then hydrolyzed by 
cellulase produced by a mutated new isolate Trichoderma viride combined with 
commercial enzymes Celic CTec. A final xylitol concentration of 100.11 g·L-1 was 
produced from the concentrated hemicelluloses hydralsates by C.tropicalis SB18, 
with the xylitol yield of 0.81 g·g-1 and xylitol volumetric production 0.98 g·L-1·h-1. 
The enzymatic hydrolysates portion was fermentated for ethanol production by Pichia 
stipilis, S.cerevisiae and their mixed culture. Under lower innoculum, ethanol 
production from fermentation of Pichia stipilis, S.cerevisiae and the mixed culture 
were 26.67 g·L-1, 21.04 g·L-1 and 29.28 g·L-1, respectively, corresponding to ethanol 
yield of 0.355 g·g-1, 0.471 g·g-1and 0.48 g·g-1. At a higher innoculum level, ethanol 
production of 28.71 g·L-1, 22.63 g·L-1 and 30.17 g·L-1 were obtained from the 
fermentation of Pichia stipilis, S. cerevisiae and the mixed culture, and the 
corresponding yield were 0.47 g·g-1, 0.495 g·g-1and 0.49 g·g-1, respectively. 
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类、饮料等， 1973 年被国际食品添加剂会议正式列为 A 级食品添加剂。 
木糖醇是综合利用农产品的废弃物，如玉米芯，采用高新技术生产的实用价 
值很高的化工产品用途广泛。我国是一个农业大国，生产木糖醇的原料极为丰富，
仅玉米的年产量就达 7000 万 t，可获玉米芯 1000 万 t 左右，这些玉米芯若全部
用于生产醇，就可生产 100 万 t。近几年来，市场对木糖醇的需求日趋旺盛，预
计年总需求量在 10 万 t 以上，每吨售价高达 2.5 万元以上。2003 年，国内木糖
醇年产量 2.6 万 t，90%以上出口到了欧洲、美国、西班牙、日本等 50 多个国家
和地区。 






40 kt，约占世界产量的 50％[1] ，是木糖醇主要出口国，出口量居世界首位。 
1.2 木糖醇的应用 
1.2.1 木糖醇理化性质 

















图 1-1 木糖醇结构式 
Fig. 1-1 Xylitol chemical structure 
表1-1 木糖醇物理性质[3] 
Table 1-1 Physical properties of xylitol  
性质 木糖醇 蔗糖 
分子式  C5H12O5 C12H22O11 
分子量 152.15 342 
熔点 93～94.5OC 179～186OC 
比重 1.5 1.59 
溶液比重     10% 
             20% 
             40% 









溶液粘度     10% 
             20% 
             40% 









熔解热 34.8（卡路里／克） 4.06(卡路里／克) 




























是含量很少[4]，以 100 g 干物质计算，香蕉和菠萝中含木糖醇 21 mg，胡萝卜中















卷心菜含 94 mg，草莓含 360 mg。1962 年科学家证明人体中也存在木糖醇，它
是糖类代谢过程的中间产物，通常每 100 ml 血液中含有 0.03 mg～0.06 mg 的木
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